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PREFACE 


The measurements of ambient air quality, noise, and wind were made in 
support of the Boston Downtown Crossing Project. The results of these environ- 
mental measurements were to be incorporated into a more comprehensive report 
that was being prepared by Cambridge Systematics for the U.S. Department of 
Transportation (DOT), Transportation Systems Center. To expedite the 
integration of the measurement results or the environmental impacts into 
the comprehensive report, the format and the pagination for the main body 
of the text were made consistent with the format being used by Cambridge 
Systematics in their report to DOT. Section 5.5 of this comprehensive 
report was set aside for the environmental impact results. Consequently, 
all of the environmental analysis results were grouped into this one section, 
and the pages were numbered sequentially with a 5.5 prefix. No such con- 
straints were imposed on the appended documents. The appendices were there- 


fore numbered alphabetically in ascending order. 
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SUMMARY 


The environmental impact of the Boston Downtown Crossing Project was 
measured by pre- and postconstruction monitoring of ambient levels of carbon 
monoxide (CO), oxides of nitrogen (NO_); and noise. The three sites that 
were picked for the monitoring were the Post Office Building, Arch St., and 


Winter St. 


For the baseline conditions (i.e., 1978 preconstruction stage), no 
exceedance of the i-hr CO standard was found. The maximum 1l—-hr CO concen- 
trations measured range from about 16 parts per million (ppm) at Arch St. 
to over 26 ppm at Winter St. Both the Post Office and the wierer St. sites, 
however, recorded violations of the 8—hr CO standard of 9 ppm. At Winter 
St., for example, the highest 8—-hr average was over 15 ppm, and on seven 
separate occasions, this 8—hr standard was exceeded. These CO results are 


summarized in Table S.l. 


Both nitric oxide (NO) and nitrogen dioxide (NO,) were measured at the 
Arch St. site only. No applicable standard exists for NO; this pollutant 
was monitored because it generally correlates well with diesel emissions 
from buses and trucks. Maximum l-hr NO, measured under baseline conditions 
was 0.08 ppm. There is presently no short-term NO, standard; however, there 
is an EPA-proposed standard in the range of 0.25 to 0.50 ppm. The measured 


NO, was well under the range of the proposed standard. 
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TABLE S.1. MEASURED AMBIENT AIR QUALITY AND NOISE LEVELS IN THE PROJECT 
AREA, 1978 and 1980. 


Post Office Bldg. Winter St. 


1978 1980 1978 1980 | 1978 1980 


Carbon Monoxide 


Max. l-hr (ppm) 202 26 53 12.0 
No. of times > std. (35 ppm) 0 0 0 
Max. 8-hr (ppm) LT 6 1522 brae) 
No. of times > std. (9 ppm) 3.0 aS, 0 
Nitric Oxide + 4 
Max. l-hr (ppm) ND. ND ND, 
No. of times > std.** ND ND ND 
Nitrogen Dioxide - + “3 i 
Max. l-hr (ppm) ND. ND, 0.080 | 0.065 | ND, ND, 


No. of times > std. (0.25 ND ND 0 0 ND ND 


to 0.5 ppm)tt 


Noise 
Max. Hourly Leg ray ND* 81 74 83 76 
Max. Lay 75 ND* 74 sz 79 75 
Weekday Average L ss 71 ND* 72 71 76 73 
Weekend Average Lg, rig ND* 69 67 74 70 


*The Post Office site was discontinued in 1980, hence there is no data (ND). 


(hace : . Py le 
Nitric oxide and nitrogen dioxide (NO, ) were measured only at the Arch St. 
site. 


**No standard. 


sie 3 NO, standard proposed by EPA is in the range of 0.25 to 0.50 ppm. 


wis: 


Measured noise levels were reported both in terms of hourly e¥e and 
Lon’ The hourly ay: is a measure of the average noise energy over a period 
Gf thas ivihe Low? or the day-night sound level, is a 24-hr equivalent 
sound level that includes a 10 decibel (dB) penalty for nighttime noise. 
Under baseline conditions in 1978, the measured maximum hourly PG ranged 
from 77 dB at the Post Office to 83 dB at Winter St. The maximum Lan ranged 
from 74 dB at Arch St. to 79 dB at Winter St. Winter St. was the "noisiest" 
of the three sites. Although these ambient noise levels are generally high, 


they are typical of noise levels that are commonly encountered in downtown 


areas of other large cities. 


Postconstruction monitoring was conducted only at Arch St. and Winter 
St. The Post Office site had to be discontinued because of major construc- 


tion activities in its immediate vicinity. 


With the implementation of the Downtown Crossing Project, very dramatic 
improvements in both the measured l-hr and the 8-hr CO concentrations were 
observed at Winter St. No exceedance of either the 1l-hr or the 8—hr 
standard was found. Compared with the baseline conditions, the maximum 
8-hr CO has decreased by over 60% with project implementation. This improve- 
ment is attributed to a very large extent to the closing of Winter St. to all 
motor vehicle traffic. The Arch St. site also showed some improvement in 
the measured CO levels. The reductions in both the maximum l-hr and 8—-hr 


CO concentrations appear to be significantly greater than the anticipated 


ix 


reduction that might be attributed to the mandatory federal program for 
exhaust emissions control. No exceedance of any CO standard was encountered. 
The changes in measured CO, before and after project implementation, are 


summarized in Table S.l. 


Measured NO at Arch St. appeared to have gotten worse. This is especially 
true for the higher hourly NO concentrations that are more typically related 
to short-term event-oriented episodes such as passing buses or traffic con- : 
gestion. For lower hourly NO concentrations, which are more indicative of 
general background conditions, the Arch St. data showed some improvement 
with project implementation. For NO,, there appears to be some improvement 
in the measured hourly levels. During the postconstruction stage, maximum 
1l-hr NO, was 0.065 ppm, which represents a decrease of 19% from the pre- 


construction level. 


The noise environment at Winter St. appeared to have significantly 
improved with the implementation of the Downtown Crossing Project. As shown 
in Table S.1, the measured maximum hourly beg has decreased from 83 to 76 dB, 
and the maximum Lan has decreased from 79 to 75 dB. In addition to these 
reductions in the noise levels, the character of the noise at Winter St. 
has also changed. Under baseline conditions, the noise sources were pre- 
dominantly motor vehicles. With the project implementation, the noise from 


the pedestrian mall is made up primarily of human voices and music from small 


bands of musicians that were frequently observed during the postconstruction 


monitoring period. At the Arch St. site, there appears to be a small 
improvement in the noise level with project implementation. Measured maxi- 
mum hourly ed and Lon have decreased by about 7 dB and 2 dB, respectively. 
However, hourly eye in the mid-range levels, which are generally associated 
with potential speech interference under normal voice conditions, have 
actually increased in frequency of occurrence. Consequently, the overall 
improvement is not as clearly defined as that encountered at Winter St. 

The character of the noise at Arch St. — as reflected in the makeup of the 


noise sources — has not changed significantly with project implementation. 
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5.5 Environmental Impacts 
5.5.1 Introduction 


5.5.1.1 Study Objective 

The objective of this study is to measure the environmental impact — 
as manifested in changes in the ambient level of carbon monoxide, oxides 
of nitrogen, and noise — associated with the changes in motor vehicle 


traffic due to construction of the Boston Downtown Crossing Project. 


5.5.1.2 Scope and Approach 

The basic approach was to monitor the selected environmental parameters 
at the same locations before and after implementation of the Project, and 
at the same time of the year. A total of four sites was selected for 


monitoring. The selection was based on a number of considerations, including 


* Severity of the existing traffic congestion problem 
* Anticipated changes with the implementation of the Project 
* Proposed bus routing 


* Availability and accessibility of the site. 


The location of these sites, the selection criteria, the parameters 
measured, and the associated instruments deployed are shown in Table 5.5.1. 


The geographical locations of these sites are shown in Fig. 5.5.1. 


The 2-week period in July following the July 4th weekend was chosen 


for the measurements. The preconstruction or baseline monitoring was 


TABLE. 5.5.1. 
Site Site 
ID No. Description 
1 Post Office 
Cafeteria 
2 Post Office 
Roof 
os Arch Street 
4 Winter Street 


Selection 
Criteria 


Maximum impact 


from Congestion 


Rooftop wind 


Maximum Bus 


Impact 


Maximum Reduction 
in Auto Traffic 
(Auto-free) 


5.5=2 


Parameters 


Measured 


CO, Noise, Wind 
Speed, Wind 
Direction 


Wind Speed, 
Wind Direction 


CO, NO/NO2, Noise 
Wind Speed, Wind 
Direction 


CO, Noise 


INVENTORY OF MONITORING SITES AND MEASURED PARAMETERS. 


ee 


NDIR, 
Ecolyzer, 
Noise Moni- 
tor, Wind 
Sensor 


Wind Sensor 


Ecolyzer, 
NOx Monitor, 
Noise Moni- 
tor, Wind 
Sensor 


Ecolyzer, 
Noise 
Monitor 


Government Center 


POST OFFICE | POST OFFICE 
ROOF CAFETERIA 


Milk Street 


BOSTON COMMON 


re eee 
=H) ee 
PAANS 


BOSTON AUTO RESTRICTED ZONE STUDY 


ee | 


FIG. 5.5.1. GEOGRAPHICAL LOCATIONS OF MEASUREMENT SITES. 


conducted in 1978. Postconstruction monitoring was not done until July 
1980 because of some delay in construction in 1979. For the 1980 monitoring, 
the Post Office cafeteria site was discontinued because of ongoing construc- 


tion activity in the proximity of this site. 


Monitoring of all parameters was done on a continuous basis. The 
data that were recorded on strip charts or on data tape were digitized 
to produce hourly averages. The reduced data were then screened for 
validity and then subject to various statistical tests for impact assess- 


ment determination. 


Section 5.5.2.1 of this report describes the baseline conditions 
with respect to air quality, noise, and meteorology in the Boston downtown 
area. The impact of implementing the Downtown Crossing Project on these 
environmental parameters is discussed in Sec. 5.5.2.2. Detailed supple- 
mentary data on the ambient monitoring program and the field measurement 
results are given in Appendices A and B, respectively. Appendix C 
contains the results of some of the correlation analyses, and Appendix D 
provides the technical specifications on the various instruments that 
were used to measure the environmental parameters. Appendix E shows 
examples of continuous strip chart records of the various parameters. 


Appendix F contains tables of digitized data. 
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5.5.2 Technical Discussion 
5.5.2.1 Baseline Conditions 


Baseline Ambient Air Quality 

Baseline carbon monoxide was measured at three locations — the Post 
Office, Arch St., and Winter St. A summary of the monitoring results is 
shown in Table 5.5.2. A nondispersive infrared (NDIR) CO analyzer was used 
at the Post Office site. Data capture for the NDIR was estimated at 96%. 
The maximum l-hr average was 20 parts per million (ppm), which took place 
at 10 a.m. on Tuesday, July 18, 1978. There was no exceedance of the 1l-hr 
standard of 35 ppm during the monitoring period. The maximum 8-hr concen- 
tration was 12 ppm, which was observed at 5 p.m. on Tuesday; WuLy Ls, 19 7ae 
During this monitoring period, there were three occasions (of nonoverlapping 


8-hr time periods) for which the 8-hr standard of 9 ppm was exceeded. 


Carbon monoxide was monitored at the Arch St. site with a CO ecolyzer. 
Data capture was estimated at 65%. The highest l-hr average CO reading 
was 16 ppm, which took place at 6 p.m. on Monday, July 17, 1978. There 
was no exceedance of the l-hr standard during the monitoring period. The 
highest 8-hr average CO concentration was about 7.0 ppm, which occurred 
between noon and 7 p.m. on Monday, July 17, 1978. There was no exceedance 


of the 8-hr standard during the monitoring period. 
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A CO ecolyzer was used to measure concentrations at the Winter St. site. 
Data capture was estimated at 50%. The maximum 1l-hr average CO reading was 
26 ppm, which took place at 6 p.m. on Monday, July 17, 1978. There was 
no exceedance of the l-hr standard during the monitoring period. The 
highest 8-hr average concentration was 15 ppm, which occurred between 2 p.m. 
and 9 p.m. on Monday, July 17, 1978. The 8-hr standard was exceeded on 


seven occasions during the sampling period. 


In summary, CO concentrations at Winter St. were generally higher than 
at the Post Office and at Arch St. No exceedance of the 1l-hr standard was 
found at any of the sites, but the 8-hr standard was exceeded at both the 


Post Office and at Winter St. 


Nitric oxide (NO) and nitrogen dioxide (NO,) were measured at Arch St. 
A summary of the monitoring results is shown in Table 5.5.2. Both pollutants 
were measured by the chemiluminescent method. Data capture for NO was 
estimated at 92%. The highest l-hr average concentration for NO was 0.14 ppn, 


which was recorded at midnight on Monday, July 17, 1978. 


The other daily maximum 1l-hr concentrations ranged from 0.01 ppm to 
0.13 ppm. There is no current or proposed standard for NO with which to 


compare these concentrations. 


Data capture for NO»2 was estimated at 93%. The maximum l-hr average 
reading of 0.08 ppm was recorded at 2 p.m. on Tuesday, July 25, 1978. Daily 


maximum l-hr concentrations ranged from 0.03 ppm to 0.08 ppm. Short-term NO2 


So oat | 


standards have not been promulgated at this time. However, there is a 
proposed l-hr standard, which will be somewhere between 0.25 ppm and 0.50 
ppm. Concentrations measured at Arch St. were well below this proposed 


standard. 


Noise 
The BBN Model 614 Noise Monitor was used to collect noise data at the 
Post Office, Arch St., and Winter St. The maximum l1-hr UG and Lan for 


each site is listed in Table 5.5.2. The maximum Lan measured at the Post 


Office site was 75 dB. The Lan for each of the days monitored ranged from 
69 dB to 75 dB — the lowest level occurring on a weekend and the highest 
occurring on a weekday. These measured sound levels are not out of the 
ordinary for city noise in a downtown major metropolis. The Lon for this 
type of environment is usually about 75 to 80 dB. The hourly beg at this 
site ranged from 55 dBA to 77 dBA. The lowest fs occurred at 5 a.m. ona 
Sunday morning, and the peak hy: occurred at 9 a.m. on a Tuesday morning. 
There are presently no applicable standards for a commercial/retail environ- 
ment such as the Downtown Crossing. In the absence of a standard, infor- 
mation on noise levels related to outdoor speech interference was used as a 


measure of impact. This information, which was compiled by EPA,* suggests 


that for a l-m separation, about 95% sentence intelligibility" can be 


*"Information on Levels of Environmental Noise Requisite to Protect Public 
Health and Welfare with an Adequate Margin of Safety," U.S. Environmental 
Protection Agency, 550/9-74-004, Washington, DC, March 1974. 


communicated in a "normal" voice if the steady A-weighted ambient noise level 
does not exceed 66 dB. A 95% sentence intelligibility means that 95% of 

the key words in a group of sentences would be correctly understood. Since 
outdoor environmental noise levels are not steady but typically fluctuate 
with time, there will be periods within that hour when normal voice conversa- 
tion at l-m separation can still be understood with the 95% sentence intelli- 
gibility. This is true even when the estimated hourly seg is greater than 

66 dB. For "raised-voice" conversation at the same l-m separation, the 95% 


intelligibility cutoff is 72 dB. 


Compared with these speech interference "criteria," the hourly bse, at 
the Post Office site for 68% of the daytime hours was greater than 66 dB. 
Speech interference, as measured by the 95% intelligibility and normal voice 
criterion, would be expected. With a raised-voice criterion, the percent of 


time at which speech interference could be expected is reduced to 10%. 


The maximum Lan measured at the Arch St. site was 74 dB. The Lan for 
each of the days monitored ranged from 68 dB to 74 dB - with the minimum 
occurring on Sunday and the maximum on Monday. The es levels measured 
ranged from 54 dBA (measured on a Sunday at 5 a.m.) to 81 dBA (measured on 
a Tuesday at 1 p.m.). For about half of the daytime hours, the hourly ee 


was estimated to exceed 66 dB; for 7% of the time, the hourly Bae was esti- 


mated to exceed the raised-voice criterion of 72 dB. 
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d 


Sound level data from the Winter St. site indicated that the L a ranged 
from 70 dB to 79 dB. The lowest Lan was on a Sunday, and the highest on a 
Thursday. The hourly se levels ranged from 61 dBA (measured at 6 a.m. on 

a Sunday) to 83 dBA (measured at 1 p.m. on a Monday). The ambient noise 

levels were found to be fairly high. For about 90% of the daytime hours, 
the 66-dB level (for normal voice and 95% intelligibility) was exceeded. 

Under the raised-voice condition, the measured levels still show that for 


about 17% of the time, the 72-dB criterion was exceeded. 


In summary, the measurement data indicated that the Lon at each site 


antl A Ps 


on each day of monitoring exceeded 65 dB. In general, the Lon values did 
not vary dramatically from day to day. The data further indicated that sound 
levels on weekends were generally lower than those on weekdays. Finally, 


the data indicated that the sound levels at the Winter St. site were generally 


higher than those at the other two sites. 


Wind Speed and Wind Direction 

Both wind speed and wind direction were monitored on a continuous 
basis at three locations — the Post Office roof, the Post Office cafeteria, 
and Arch St. The data capture rate at the Post Office roof was estimated 
at 68%. Figure 5.5.2 represents the observed frequency data as a wind rose. 
The predominant wind direction was SSW. Wind speeds ranged from less than 
1 mph to maximum speeds of 11 mph. These speeds represent l-hr average 


speeds and not transient gusts. 
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FIG. 5.5.2. WIND FREQUENCY DATA FOR POST OFFICE ROOF SITE. 


5.511 


Wind speed and wind direction were measured at street levels at the 
Post Office cafeteria. Data capture was estimated at 70%. The highest 
l-hr average wind speed recorded was 10 mph. Wind speeds were less than 
1 mph for about 10% of the time. Speeds were between 1 mph and 4 mph 36% 
of the time, and between 4 mph and 8 mph 53% of the time. Speeds between 
8 mph and 13 mph were recorded for 1% of the monitoring period. The pre- 


dominant wind directions were WSW and NNE. 


Wind speed and wind direction data were collected at Arch St., with a 
capture rate estimated at 89%. The highest l-hr average wind speed recorded 
P) 


was 4.4 mph. Wind speeds between 1 mph and 4 mph accounted for 99% of the 


time at this site. The predominant wind directions were NNW and SW. 
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5.5.2.2 Impact of Project Implementation 
The impact of the Downtown Crossing is assessed by comparing the mea- 


sured data on CO, NO, and noise for the pre- and the postconstruction periods. 


Carbon Monoxide 
CO was monitored at three sites in 1978, but the site at the Post Office 
was discontinued in 1980. Consequently, impact at this site cannot be evalu- 


ated at this time because of the absence of postconstruction data. 


Arch St. The maximum l-hr and 8-hr CO measured in 1980 were 6.4 and 


4.4 ppm, respectively. No exceedance of either the l-hr standard of 35 ppm 

or the 8-hr standard of 9 ppm was encountered. Compared with 1978 results, 

the maximum l-hr result in 1980 represents a reduction of about 60% from the 
corresponding 1978 measurements. Similarly, the 1980 maximum 8-hr CO is 


only 59% of the corresponding 1978 results. 


When the individual hourly CO values are plotted as a frequency distribu- 
tion, the improvement in ambient CO at the Arch St. site is readily apparent. 
The frequency distribution of the hourly CO levels for 1978 and 1980 are shown 
in Fig. 5.5.3. An examination of Fig. 5.5.3 shows that the 98 percentile 
(i.e., the concentration for which 98% of the time, the measured value will 
be less than or equal to this stated value) for 1980 is only 5.5 ppm, which 
represents a 28% reduction from the corresponding 1978 value of 7.6 ppm. 
Similarly, the 90 and 50 percentiles for 1980 are about 39% and 42% less 


than the corresponding percentiles for 1978. The reductions in both the 
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FIG. 5.5.3. FREQUENCY DISTRIBUTION OF HOURLY CO CONCENTRATIONS AT ARCH 
ST. (1978 AND 1980). 
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measured l-hr and 8-hr CO concentrations appear to be significantly greater 
than the anticipated reduction that might be attributed to the mandatory 


federal program for exhaust emissions control. 


Winter St. The maximum 1-hr CO measured in 1980 is 12 ppm, which is 
only about 46% of the maximum l-hr reported for this site in 1978. In 1978, 
the measured 8-hr CO is 15.2 ppm, and there were seven occasions in which the 
8-hr standard was exceeded. In 1980, on the other hand, the maximum 8-hr 
CO measured was 5 ppm, and no exceedance of the standard was noted. The 
dramatic improvement at Winter St. reflects the change Prom a heavily auto- 


mobile-congested street in 1978 to an auto-free pedestrian mall in 1980. 


? 


The dramatic improvement in the ambient CO environment at Winter St. is 
again evident from the frequency distributions shown in Fig. 5.5.4. The 98 
percentile in 1980 is about 5 ppm, which is well below the corresponding 
percentile of 22 ppm observed in 1978. Equally significant differences are 


observed for all other percentiles. 


Oxides of Nitrogen 
Both nitric oxide (NO) and nitrogen dioxide (NO ,) were monitored separ- 


ately but concurrently at one site on Arch St. 


For NO, the maximum 1l-hr concentration measured in 1980 is 0.15 ppm, 
which represents an increase of 8% over the corresponding 1978 level. There 


is presently no ambient NO standard with which to compare this level. 


d,9+15 


PARTS PER MILLION 


0.01 1.0 10 50 80 90 95 9899 
PERCENT LESS THAN STATED VALUE 


99.3 


FIG. 5.5.4. FREQUENCY DISTRIBUTION OF HOURLY CO CONCENTRATIONS AT WINTER 
ST. (1978 AND 1980). 
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When the l-hr NO results were plotted as frequency distributions, the 
1980 levels were everywhere lower than the corresponding 1978 levels. This 
was a surprising finding in view of the fact that because of the re-routing 
of the buses, which are generally high emitters of NO, an overall increase 
in ambient NO would be more likely. Part of this unexpected trend may be 
attributed to some observed differences in the meteorology that was en- 
countered during these monitoring periods. In 1978, about 25% of the ob- 
served average hourly wind speeds were less than 4 miles per hr (mph), while 
75% were in the range of 4 to 12.9 mph. In 1980, only 8% of the average 
hourly wind speeds were less than 4 mph, and over 10% of the speeds were in 
excess of 13 mph. Therefore, on an average, the period in 1980 was "windier." 
An attempt was made to "remove" this wind effect between the 1978 and 1980 
results by normalizing the NO results to an assumed l-mph base and then 
plotting the resulting hourly NO concentrations as frequency distributions 
as before. The results are shown in Fig. 5.5.5. As seen in this figure, 
the 1980 levels are higher than the corresponding levels in 1978 for the 
higher percentile end. The higher percentile levels are influenced more by 
event-oriented episodes — such as passing buses or congestion. Therefore, 
it is not surprising to see that the high percentiles for 1980 are generally 
higher than the baseline conditions. The frequency distributions exhibit a 
crossover such that at the low percentile end, it is the 1978 results that 
are higher than the 1980 counterparts. The low percentile levels are more 
indicative of overall background levels. Some improvement in the background 


NO is therefore observed at this site. 
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For NO,, the maximum 1l-hr concentration measured in 1980 is 0.065 ppm. 
This represents a decrease of 19% from the 1978 level. There is no short- 
term standard for NO, at this time, although there is a proposed standard 
in the range of 0.25 to 0.5 ppm. The measured results for both 1978 and 


1980 are both under the proposed standard. 


Hourly NO, concentrations for both 1978 and 1980 were again normalized 
to 1 mph to remove the effects of observed differences in wind speed, and 
the results were plotted as frequency distributions as shown in Fig. 5.5.6. 
An examination of these distributions indicates that at all percentile levels 
less than about 60%, the measured NO, levels in 1980 were generally lower 
than the corresponding 1978 levels. At percentile levels greater than 602, 


no measurable differences were observed between 1980 and 1978 results. 


Noise 

Noise was monitored on a continuous basis at three sites in 1978, 
but the Post Office site was discontinued in 1980 due to major construc- 
tion in the immediate vicinity of this site. Consequently, the impact is 


assessed only at the Arch St. and the Winter St. sites. 


To compare the measured noise levels between 1978 and 1980, three 
different descriptors were used. The first is the day-night sound level, 
abbreviated Low which is a 24-hr equivalent sound level that includes a 


10-dB penalty for nighttime (10 p.m. to 7 a.m.) noise. The second descriptor 
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FIG. 5.5.6. FREQUENCY DISTRIBUTION OF HOURLY NO, CONCENTRATIONS AT 
ARCH ST. (1978 AND 1980). 


5.5=20 


that is used is the hourly art i which is a measure of the average noise 
energy over the period of 1 hr. The third descriptor used for making com- 


parisons was the average weekday L and the average weekend L, . These are 


dn 


logarithmic averages of all weekdays and all weekend days, respectively. 


dn 


Arch St. In 1978, the maximum L measured was 75 dB; in 1980, it was 


dn 


72 dB. An Lan of 75 dB is not considered an exceptionally high level in 


this environment. Typical L, 's found in most major metropolis downtown 


dn 


areas are in the range of 75 to 80 dB. The maximum hourly a observed in 
1978 was 81 dB(A). In 1980, it was 74 dB(A). The maximum eee maximum Law 


and the average weekday and weekend L for 1978 and 1980 are presented in 


dn 
Table 5.5.3. When making these comparisons, one should remember that a 
change of 3 dB is just detectable by the human ear; a change of 5 dB is con- 
sidered a significant change; and a 10-dB decrease would sound half as loud 
as the original level. Using the 66-dB normal-voice speech interference 
criterion, the percent of daytime hourly Ped that exceeded this level in 1978 
was estimated at 47%. By 1980, the percent of hourly ec exceeding 66 dB 

was estimated to have increased to 54%. Where the hourly ted is compared 
with the 72-dB criterion for raised-voice, however, a reverse trend was found. 
In 1978, about 7% of the daytime hourly oon was estimated to exceed 72 dB. 
The percentage of hourly “sd exceeding this criterion was reduced to 3% by 
1980. The reduction in the maximum l-hr eer and the percent of hourly sys 
exceeding 72 dB suggest that there is a small reduction in the high-level 
noise events. However, this improvement is offset somewhat by an increase in 


the number of hourly ae in the range of 66 to 72 dB. 
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TABLE 5.5.3. CHANGES IN AMBIENT NOISE LEVELS FOR PRE- AND POSTCONSTRUCTION 
PERIODS. 


Max. 


l-hr | Max. |% of Daytime 1l-hr Leg Average | Average 
Le Lan Weekday | Weekend 
(dB) (dB) >66 dB Lan (4B) Lay (4B) 


Arch St. 


1978 47 69 

1980 54 67 
Winter St. 

1978 74 


1980 
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The Lin in 1980 is seen to have decreased by 2 dB(A) in spite of the 


increased presence of buses, which are generally more "noisy" than automobiles. 
Because most of the buses are operated during the nonpenalty hours (between 


7 a.m. and 10 p.m.), their impact on Lan is minimal. The average weekday 


Lan dropped 1 dB from 72 dB in 1978 to 71 dB in 1980. The average weekend 


Lon dropped 2 dB from 69 dB in 1978 to 67 dB in 1980. A decrease of 2 dB 


is not considered a significant change. 


Winter St. Table 5.5.3 also shows the maximum Lon? the maximum hourly 


bag? and average weekday and weekend Lon at Winter St. An examination of 
the tabulated results in 1978 and 1980 suggests that the noise levels have 
significantly improved with the Project implementation. For example, the 
maximum Lan in 1980 is 75 dB, which is 4 dB lower than the corresponding 
1978 result. Maximum hourly ae in 1980 is also lower (by 7 dB) when com- 
pared with the preconstruction level. The percent of daytime hourly oer 
that exceeds the 66-dB criterion for normal voice speech interference shows 
a significant reduction from the 1978 value of 89% to 59% following project 
implementation. Similarly, using a raised-voice criterion of 72 dB, the 
percent of time that the hourly ae exceeded this level is reduced from 172 


to 2%. Average weekday L 2 dropped from 76 dB in 1978 to 73 dB in 1980, and 


d 


average weekend L e dropped 4 dB from 74 dB in 1978 to 70 dB in 1980. This 


d 


change would be detectable to the human ear. 


The above noise analysis has only assessed the impact from the stand- 


point of changes in noise levels. There is another aspect of the noise 
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environment that cannot be quantified and that is especially applicable to 
the Winter St. site. The character of the noise has changed. In 1978, 

the noise sources were predominantly cars, buses, and trucks. In 1980, the 
sources are human voice, hawkers, trucks (in the a.m. only), and music. 

To enhance the enjoyment of the pedestrian mall, concerts by small bands of 
musicians were frequently observed during the 1980 monitoring period. The 
sound from the musical instruments will contribute to the measured noise 


levels (i.e., increasing the ey and the L However, these two descrip- 


ane 


tors, which are used to compare the pre- and postconstruction impact, cannot, 


by themselves, differentiate between sounds from the musical instruments 


and noise from automobile traffic if their overall levels are the same. 
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APPENDIX A. FIELD MONITORING PROGRAM 


A.1 Objective and Scope 


The objective of this study was to measure the changes in 
the ambient levels of carbon monoxide (CO), oxides of nitrogen 
(NO), and noise associated with the changes in motor vehicle 
traffic due to construction of the Downtown Crossing Project. 
The monitoring period covered approximately two weeks in 
July 1978, before construction, and two weeks in July 1980, 


after construction. 


A.2 Site Selection 


A total of four measurement sites were selected for 
monitoring in 1978. The selection of these sites was based 


on a number of considerations, including: 


fee Severity of existing) traffic icongestionrsproblem 


2. Anticipated changes with the implementation of 


the Downtown Crossing Project 
as wuemonosed bpussroubings 


4, Availability and accessibility of the site. 


The sites chosen in 1978 were the Post Office cafeteria, the 
Post Office roof, Arch St., and Winter St. In 1980, the Post 
Office cafeteria site was eliminated due to the fact that 
construction activity was going on. around the site, and it 
was expected to continue through the monitoring period. The 
construction activity would have affected the noise and CO 
measurements at that site and would have invalidated any 
comparison to the 1978 data. The monitoring sites in 1980 


included the Post Office roof, Arch St., and Winter St. The 
locations of the monitoring sites are depicted in Fig. 5.5.1. 
he site description, the parameters measured, and the instru- 
ments deployed are shown in Table 5.5.1. It should be noted 
that in 1980 we did not have access to the same building on 
Winter St. that was used in 1978. A building about 100 ft 
away, approaching Washington St., was used instead. This site 
was sufficiently close to the 1978 site such that data measured 
at this site should continue to be indicative of conditions at 


Winter St. 


Probe location for air sampling followed established EPA 
guidelines. Summary descriptions of probe location and sensor 


placement for each site are given below. 


A.2.1 Post Office cafeteria site 


Air samples were drawn in by a manifold system at approxi- 
mately 15 ft from street level and 3 ft from the wall. Indi- 
vidual air intakes from manifold to the NDIR and the ecolyzer 
were achieved by 3- to 6-ft tygon tubing. The microphone 
for the noise monitor was mounted on a boom extending 6 ft 
from the window. The electronic wind sensor was mounted on 
a separate boom and extended approximately 7 ft from the wall 
and was relatively free from wind effects and from nearby 
objects. 
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The wind sensor was mounted on top of a boom extending 
about 10 ft from the highest part of the Post Office roof. 
Influence from antenna structures on the roof was judged to be 
insignificant. With the possible exception of the Shawmut Bank 
Building, this site was relatively free from wind effects of 
nearby structures. 
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Air samples for CO were taken at approximately 12 ft above 
the sidewalk and.2 ft from the wall. , For NO/NO,, a separate 
intake was used. Air was drawn at about 25 ft above sidewalk 
(corresponding to the level of the window on the first floor) 
and about 8 ft from the wall. All pneumatic plumbing was 
made of inert teflon. The microphone was mounted on a boom 
extending about 8 ft out of the window. The wind sensor was 
mounted on its own boom and extended about 8 ft from the wall. 
The wind sensor was approximately 15 ft from a nearby 5-ft 


protruding wall face. 


Av2..4 QWinter st esate 


Air samples for CO were taken at approximately 12 ft from 
the sidewalk and 3 ft from the wall. The microphone for the 
noise monitor was mounted on a boom at this height but extending 
about 5 ft from the wall. 


A.3 Measurement Methods 


A.3.1 Carbon monoxide 


CO concentrations were measured by two different types 
of equipment. The first is a Beckman nondispersive infrared 
(NDIR) analyzer (Model 865 with the autospan option). The 
other is an Energetics Science Ecolyzer, which works on an 
electrochemical principle. The NDIR method is an EPA-referenced 
method for measuring CO. All CO monitors were used in conjunc- 
tion with strip chart recorders that depicted concentration 


data on a continuous basis. 


Aso 


A.3.2 Oxides of nitrogen 


Both NO and NO, were measured using a Monitor Labs chemi- 
luminescent analyzer (Model 8440E). Both oxide species were 


recorded continuously and concurrently. 


Asso Nose 


Noise levels were measured using BBN's Model 614 portable 
noise monitors. Average hourly noise levels along with 24-hr 


noise statistics were recorded automatically. 


A.3.4 Wind 


Wind speed and wind direction were measured using a 
Climatronics Electronic Weather Station, a Texas Instrument 
Electronic Wind Sensor, and a MRI Mechanical Weather Station. 
Both wind speed and direction were recorded continuously and 


concurrentiy.on a-strip chart recorder. 


A.4 Quality Assurance Procedures 


A.4.1 Carbon monoxide 


The Beckman 865 NDIR analyzer was serviced and checked 
at BBN's laboratory before installation at the Post Office 
cafeteria site in 1978. The Beckman analyzer was programmed 
for automatic zero and span calibration checks every 6 hr. 
A 45-ppm span gas from Matheson was used for span checks. 
Because the Post Office cafeteria site was eliminated in 1980, 
the NDIR was not used in 1980. Ecolyzers were calibrated 
manually twice a day, using a 45-ppm span gas. All CO data 
were recorded continuously on strip chart recorders. The data 


were screened and then labeled and digitized electronically to 


produce hourly average CO concentrations. 


A.4.2 Nitrogen oxides 


Calibration of the NO, analyzer was accomplished through 
the use of the Monitor Lab Model 8500 PERMACAL dynamic calibra- 
tion system. Calibration was performed after installation 
at the site, about one week into the measurement program, and 
just prior to the end of the program. The calibration used 
standard NO gas (traceable to NBS standard), which was sub- 
sequently diluted to the desired concentration during the actual 
calibration, and a NO, permeation tube. Both NO and NO, data 
were recorded simultaneously on a dual-channel chart recorder. 
These data were digitized to produce hourly values of NO and 


NO, separately. 


A.4.3 Noise 


The BBN Model 614 noise monitors were calibrated daily 
using such acoustic calibrators as B&K 4220 and GR 1567. Hourly 
noise levels and 24-hr noise statistics (e.g., Lan? were 
printed automatically on a paper tape. 


A.4.4 Wind 


Wind speed sensors were calibrated in the laboratory, and 
no additional calibration in the field was required. Wind 
direction calibration was performed during installation at the 
site using existing landmarks. Both wind speed and wind direc- 
tion data were recorded continuously on strip charts. These 


data were digitized to produce hourly average results. 


A-5 


“= 


ze 


APPENDIX B. FIELD MEASUREMENT RESULTS 
B.1 Carbon Monoxide 


Bel.1 ~Post office site 


The nondispersive infrared (NDIR) CO analyzer deployed at 
this site collected data on a continuous basis from 10 July 
1978 through 26 July 1978. Data capture was estimated at 96%. 
Highest l1-hr average was 20 parts per million (ppm), which 
took place at 10 a.m. on a Tuesday. Low l1-hr average readings 
of between 1 ppm and 2 ppm occurred quite frequently between 
1 a.m. to 5 a.m. No violation of the 1-hr standard of 35 ppm 
was observed. The highest 8-hr average was 12 ppm, recorded 
om a Tuesday at 5 p.m. | During” thisimonitoring period, there 
were 3 occasions (of nonoverlapping 8-hr time periods) for 
which the 8-hr standard of 9 ppm was exceeded. 


Figure B.1 shows the variation of the ambient CO levels at 
this site for selected days of the week. On weekdays, CO levels 
rose rapidly from about 7 a.m. Maximum CO levels occurred around 
the evening rush hour at 5 p.m. Levels on Saturdays were 
generally low, the evening rush hour peak was absent, and the 
levels remained between 4 and 9 ppm late into the night. Table 
B.1 describes both the l1-hr and 8-hr standard for CO and the 
number of exceedances at the Post Office site. 


The CO ecolyzer that was placed next to the NDIR was 
operated from 10 July 1978 through 25 July 1978. Data capture 
rate was low — about 65%. This was due primarily to equipment 
instability during unattended operation at night and on weekends. 
During periods of attended calibration, the CO readings on the 
ecolyzer corresponded fairly well with the NDIR readings. 
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Due to major construction projects in the immediate vicinity 
of the Post Office, no data were collected at this site in 1980. 
The construction has resulted in disrupted traffic patterns 
and flows, and the construction equipment on the site itself 
has considerably increased noise levels. Impacts from Downtown 
Crossing project, therefore, could not be determined at=this 
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In 1978, a CO ecolyzer was operated from 9 July through 
26 July. Data capture during this period was estimated at 65%. 
Highest l1-hr average CO reading was 16 ppm, which took place 
at 6 p.m. on a Monday. Low 1-hr readings of 2 ppm or less were 
frequently encountered between midnight and 7 a.m. 


In 1980, a CO ecolyzer was operated from 7 July to 24 July. 
Data capture during this period was estimated at 100%. Highest 
l-hr average CO reading was 6.4 ppm, which took place at 10 p.m. 
on a Monday. Low l1-hr readings of 2 ppm or less were frequently 
encountered between midnight and 7 a.m. 


Figure B.2 shows the diurnal variation of CO levels at 
this site’ fora Monday and a-.-Thursday..-Thes€0_budidupsinm the 
morning was slow compared to readings taken at the Post Office 
site. Maximum levels were observed at 6 p.m. In neither year 
was there an exceedance of the l-hr standard. The highest 
8-hr average in 1978 was about 7.0 ppm, which occurred on a 
Monday between noon and 7 p.m. There was no violation of the 
8-hr standard. The highest 8-hr average for 1980 was about 
4.4 ppm, which occurred on a Thursday between 5 a.m. and noon. 
There was no violation of the 8-hr standard. 
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Table B.1 describes the maximum l1-hr and 8-hr average at 


this site and the number of times the standard was exceeded. 


Bei. Winter *St.i site 


In 1978, a CO ecolyzer was operated at this site from 12 
July through 26 July. Data capture was estimated at 50%. 
Highest l-hr average CO reading was 26 ppm, which took place 
at 6 p.m. on a Monday. During periods of traffic congestion, 
idling automobiles were backed up past the location of the CO 
monitor. However, no exceedance of the l-hr standard was 
observed. Highest 8-hr average reading was 15 ppm, which 
occurred between 2 p.m. and 9 p.m. on a Monday. There were 
seven occasions of violation of the 8-hr standard of 9 ppm 
during this sampling period. 


In 1980, a CO ecolyzer was operated at this site from 
7 July through 24 July. Data capture was estimated at 80%. 
Highest 1-hr average CO reading was 12 ppm, which took place 
at 1l a.m. on a Tuesday. The highest 8-hr average reading 
was 5 ppm, which occurred from 1 a.m. to 8 a.m. on a Wednesday. 
There was no exceedance of either the l-hr or 8-hr standard 


during this sampling period. 


Figure B.3 shows the hourly variation of CO levels recorded 
at this site for 1978 and 1980, for a Monday and a Thursday. 
In 1978, the levels recorded at Winter St. were generally much 
higher than those measured at Arch St. or at the Post Office. 
Maximum levels occurred both during the lunch hour and the 
evening rush hour. In 1980, levels measured at Winter St. 
were generally much lower than those at Arch St. 


B-9 


"08/1Z/L SAVGNOW NO ONY 8Z/E€T/Z “AVGNOW NO JLIS 
“1S USLNIM LY ST3A97 (09) JGIXONOW NO@YVI JIVYFAVY ATYNOH GAYNSVAW 


AVG $9 HNOH 
cl 


“(eyed “914 


NOITIIW Yad SLYVd 


B-10 


"O8/0L/Z SAWGSYNHL NO GNV 82/02/Z *AWGSYNHL NO JLIS 
“1S UFLNIM LY ST4A397 (09) JGIXONOW NOSYVI JNVYSAV ATYNOH G3IYNSVAW 


AVG 3° YNOH 
cl 


"(Q)e"da- Sis 


NOITNIW 83d SLYVd 


B-11 


B.2 Oxides of Nitrogen 


Both nitric oxide and nitrogen dioxide were measured by 


chemiluminescent method at the Arch St. site only. 


Ber. Nitric oxide ot UNoD 


In 1978, NO was monitored from 7 July through 26 July ona 
continuous basis. Data capture was estimated at 92%. Highest 
l-hr average reading of 0.14 ppm was recorded at midnight on a 
Monday. During the hours from 7 a.m. through 6 p.m., readings 


ranged. from O.0Llipom to 0.07 %ppom. 


In 19805 NOewas monitoréd=-trom) 7 July to 25 July.) Daa 
capture rate was estimated at 90%. Highest l-hr average reading 
Of 0.15 pom was recorded: at .9 a.m! omnia Monday .Diring 7H 
hours from 7 a.m. through 6 p.m., readings ranged from 0.01 ppm 


Eo. 0.15 ppm: 


Figure B.4 shows the variation of observed hourly averaged 
NO for two weekdays and a Saturday and compares 1978 to 1980 
data. There does not appear to be any pronounced diurnal 
pattern. Table B.2 shows the maximum l-hr NO level. There is 


no standard for nitric oxide. 


B.2.2 Nitrogen dioxide (NO,) 


In 1978, NO, was measured from 7 July through 26 July. 
Data capture rate was estimated at 93%. Highest l-hr average 
reading of 0.08 ppm was recorded at 2 p.m. on a Tuesday. There 
were no violations of the proposed standard; levels were low, 
that is, only 49 occasions for which l-hr averages of 0.05 ppm 
or greater were recorded. Lowest l-hr reading recorded was 
0.02 ppm. Daily (midnight to midnight) average readings ranged 
from a low of 0.02 ppm to a high of 0.05 ppm. 
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TABLE B.2. MEASURED NITROGEN OXIDES AT THE ARCH ST. SITE. 


Max. l-hr | No. of No. of Times 
NO =Sid: F 
ppm 


Year (0.25-0.5 ppm) 


1978 0.14 
1980 ee 


*Yo standard. 


TProposed standard. 


In 1980, NO, was measured from 7 July through 25 July. 
Data capture rate was estimated at 94%. Highest l-hr average 
reading of 0.065 was recorded at 5 p.m. on a Tuesday. There 
was no violation of the proposed NO, standard; levels in 1980 
were low, that is, only 38 occasions for which l-hr averages 
of 0.05 ppm or greater were recorded. Lowest l-hr readings 
recorded was 0.01 ppm. Daily (midnight to midnight) average 
readings ranged from a low of 0.01 ppm to a high of 0.04 ppm. 


Figure B.5 shows the diurnal variation of observed hourly 
averaged NO, for selected days of the week and compare 1978 to 
1980 data. There does not appear to be any correlation between 
the observed NO, and concurrent NO levels, or between NO, levels 
and observed truck activity. Short-term NO, standards have not 
been promulgated at this time, but a standard of 0/25 ppm to 
0.50 ppm has been proposed. Table B.2 shows the maximum hourly 
NO, levels anduimdicates thatithereiwere no exceedances of the 


-proposed NO, standard. 


B.3 Noise 


Bec. 1 Post Office: site 


In 1978, the BBN Model 614 Noise Monitor collected data at 
this site from 10 July through 26 July. Figure B.6 shows the 
diurnal variation of the sound level (as measured by the para- 
meter, Leg? for two days of the week, a Thursday and a Saturday. 
Figure B.6 also indicates that the loudest times of days vary 
according to the day of the week. During the weekdays, the 
hourly ced ranged from 65 to 70 GBA from about 7 a.m. until 


about 7 p.m. On Saturdays, the sound levels increased more 
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slowly in the morning but tended to last longer into the evening. 
The Loan for.these days ranged from 70 to 75 dB. Figure B./7 pre- 
sents this range of Lan measured at the Post Office site. The 
average weekday and weekend are presented in Table B.3, along 
with the maximum Pen: Both the average weekday Lan and the week- 


end Lan were 71 dB. 


There were no measurements made at the Post Office site 
in 1980 due to major construction in the immediate vicinity of 
the Post Office site. The influence of the construction equip- 
ment and the disruption of traffic flow would not have allowed 


for valid comparisons of 1978 and 1980 data. 


Beo.c  Acch Sts este 


Sound level data for continuous 24-hr periods were taken 

at this site during the period 7 July 1978 through 26: July 1978 

and from 12 July 1980 to 21 July 1980. The hourly sound level 
| data measured as beg? are shown in Fig. B.8, for selected days 
of the week. An examination of Fig. B.8 shows that the range 
of en from & aim. to 6)p.m. wasr65ato. 75 /dB(A).: The levels dropped 
after 6 p.m. and reached a minimum level between 4 a.m. and 
5 a.m. Saturday's sound levels during the day were generally 
lower, although there were two afternoon hours during which 
levels greater than 70 dBA were recorded. 


Figure B.9 shows the weekly trends of the Lan for 1978 and 


1980. 1980 Lan levels are lower overall. The average weekday 


Lan Was 72 dB in 1978 and 71 dB in 1980. Average weekend Lan 


was 69 dB in 1978 and 67 in 1980. Maximum hourly pate maximum 


L and average weekday and weekend L for both years are 


Cri 
shown in Table B.3. 
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TABLE B.3. 


MEASURED NOISE LEVELS IN THE PROJECT AREA. 


Weekday 
Average 


Post Office 
1978 
1980* 


Arch Sc. 
1978 
1980 


Winter St. 
1978 
1980 


*o measurements taken at this site in 1980. 


Weekend 
Average 
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TUES WED 


WED THURS FRi SAT SUN MON TUES WED- THUR FRI SAT SUN MON 


TUES 


DATE 


FIG. B.9. MEASURED Lan’ FOR ARCH ST. SITE (1978 AND 1980). 


B.3.3 Winter St.-ssite 


Continuous 24-hr sound level data were collected from le 
Jiviy to 26 July M197 e. and trom 12 Juigs oo, 2l-dUuly LOCC ii oee. 
weekday hourly Ba between 6 a.m. and 6 p.m. ranged from 70 to 
78 dB(A) with a noontime peak. On Saturday, hourly L_.s between 
6 a.m. and 6 p.m. were between 65 and 72 dB(A). High levels at 
8 p.m. and 10 p.m. are thought to be heavily weighted by single 


events, perhaps sirens or an alarm. 


In 1980, weekday levels were generally lower than those 
measured in 1978. On a Wednesday and a Thursday, daytime hourly 
Legs (between 6 a.m. and 6 p.m.) ranged from 64 to 72 dBA. The 
noontime peak is no longer present: the peak now occurs at 
5 a.m. or 6 a.m. On Saturdays, the daytime levels have generally 
increased, while the nighttime hours have decreased, with a 
peak at 3 p.m. Hourly Legs for a Wednesday, Thursday, and 
Saturday, comparing 1978 and 1980 levels, are shown in Fig. 

Ba10, 


Figure B.11 compares the 1978 and 1980 Lg 
was lower in 1980 than in 1978. 


n® by day of the 


week. In all cases, L 
dn 


The average weekday L for’ 19S washfe dee ain. LO soma 


, Was 74 dB in 1978 and dropped 


dn 
was 73 dB. The average weekend L 


d 
to 70 dB in 1980. These data, along with maximum hourly Leg and 
maximum Lon? are presented in Table B.3. 
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DATE 


MEASURED Lan’ AT THE WINTER ST. SITE (1978 AND 1980). 


FIG Belt. 


B.4 Wind Speed and Wind Direction 


Batak eel -O.Sbeld doled. 2001a-S1.0e 


Wind speed and direction data were collected at the top of 
the Post Office Building from 10 July 1978 through 2 August 1978. 
Data capture rate was estimated at about 68%. Highest wind speeds 
recorded were about 11 mph. These speeds represented l-hr average 
speeds and not transient gusts. The observed frequency data are 
represented as a wind rose in Fig. B.1l2. As shown in Fig. B.l2, 
the wind was primarily from the SSW. Calm conditions and wind 


speeds less than 1 mph together accounted for 1% of the time. 


In 1980, wind speed and direction data at this site collected 
from 2 July to 24 July. Data capture rate was 97%. Highest 
wind speed recorded was 18 mph. Again, this speed is a l-hr 
average speed and not a transient gust. The observed 1980 
frequency data are represented as a wind rose in Fig. B.13. The 
wind was primarily from the South. Calm conditions and wind 
speeds less than 1 mph together accounted for less than 1% of 


the time. 


Dominant wind direction shifted from SSW in 1978 to South 
in 1980. The most significant difference affecting the sites 
was the difference in wind speeds. In 1978, wind speeds over 
4 mph accounted for 55% of the time, with speeds over 8 mph 
accounting for only 7.1%. In 1980, speeds over 4 mph accounted 
for 92% of the time, and speeds over 8 mph accounted for 43.5% 
of the time. 
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FIG. B.12. WIND FREQUENCY DATA FOR POST OFFICE ROOF SITE (1978). 
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FIG. B.13. WIND FREQUENCY DATA FOR POST OFFICE ROOF SITE (1980). 
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B. 4.2 “Post. Office cafeteriaysite 


Wind speed and direction data collected at this "street 
level" site were operated from 10 July 1978 through 26 July 1978. 
Data capture rate during this period was estimated at 702. 
Highest l-hr average wind speed recorded was about 10 mph. The 
frequency of occurrence disaggregated by both speed class and 
direction is shown in the wind rose in Fig. B.14. The predomi- 
nant wind directions were WSW and NNE. Calm conditions and wind 


speeds below 1 mph together accounted for 10% of the time. 


Because of construction in the vicinity of the Federal 
Building and its impact onthe data, it was felt that no valid 
comparisons could be made between 1978 and 1980. For this 


reason, the site was dropped in 1980. 
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Wind speed and direction data were collected at this site 
from Gevuly 1978 to .26 Judy eiots cand from i] July ioe tones 
July 1980. In 1978, data capture rate was 89%. The highest 
l-hr average wind speed recorded was 4.4 mph. Dominant wind 
direction was SW. Calm conditions and wind speeds of less than 
1 mphvaccounted, for less than 1% of the time. -Figure B.15 
Shows the distribution of wind speed and direction data. 


In 1980, data capture rate was 97%. The highest l-hr 
average wind speed recorded was 12.6 mph. Wind was primarily 
(47.8%) from the WSW. Calm conditions and wind speeds of less 
than 1 mph accounted for less than 1% of the time. Figure B.16 
Shows the distribution of wind speed and direction data. 
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FIG. B.14. WIND FREQUENCY DATA FOR POST OFFICE CAFETERIA SITE (1978). 
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FIG. B.15. WIND FREQUENCY DATA FOR ARCH ST. SITE (1978). 
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FIG. B.16. WIND FREQUENCY DATA FOR ARCH ST. (1980). 
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A comparison of the data for 1978 and 1980 shows a dominant 
wind direction shift from SW in 1978 to WSW in 1980. In TOTS, 
less than 1% of the wind speeds were greater than Teriieteegn le) 
1980, 75% of the speeds were greater than 4 mph, and 8% of the 
speeds were greater than 8 mph. 


APPENDIX C. CORRELATION ANALYSIS 


This section describes the results of some of the correla- 
tion analyses that were performed on the various parameters. 
Because of a lack of concurrent data on traffic volume and mea- 
sured noise levels, no correlation was attempted for these two 
variables. No correlation was attempted between noise levels 
and wind speed because wind speed effects were minimized by 
design. Consequently, the analyses were restricted to examining 
the impact of traffic volume and wind speed on ambient concen- 


trations of carbon monoxide (CO) and oxides of nitrogen (NO). 


Gli Setrafiic. Vvotumes 


Hourly traffic counts on Arch St. on 10 July 1980 were 
correlated with measured CO at the Arch St. site. A linear 
relationship was obtained with a correlation coefficient (r?) 
ofio7i5. sThescorreiationicoefficient is a numerical index that 
indicates the degree of interdependence between two variables — 
in this case, the measured CO and the traffic counts. A co- 
efficient of 1.0 implies that the measured CO is very much 
related to traffic counts, whereas a coefficient of 0.0 implies 
that the measured CO is unrelated and totally independent of 
Cmeattic counts’; As shown Tn Fig. C/I. a similar analysis. was 
performed for data taken on 7 July 1980. Again, a positive 
correlation was obtained, but the correlation (as measured by 


the value of r*) is even poorer, with r* equal to 0.06. 


Similar analyses were performed for NO, measured at Arch 
St. With nitric oxide (NO),;,we found an inverse correlation — 
i.e., ambient concentration of NO actually went down with in- 
creasing’ traffic’ volumes. “This correlation is not explainable 
by any deterministic model and may be a reflection of the 


unusual and very limited data base. The correlation coefficient 


A na 


"1S HOYY LY SAWNIOA JT4dvUL 
(NY ‘NADOULIN 4O SAGIXO ‘3GIXONOW NOGYVD LNIIGWY N3SMLIG SdIHSNOITIW14N “T°9 “94 


X 
ON (9) O3EC2) 
HNOH Yad SATDIHSA YHNOH H3d SATDIHSA 
O0€ 00z OOL 0 00E 00z OOL 0 
0 
10° 
z0° 
ON 
| 
£0° © 
ae 
BO: O 
bad 
: Ne 
go’ 3 08/OL/Z 
90° 
40° 
80° 


60° 


is less than 0.01,-suggesting that. little confidence can be 
placeadvinethis result. .~.Withinitrogen .dioxide (NO, ); the cor- 
relation between traffic volumes and. observed NO, Levels .is 
DGStuLVee-nlie. NO A bevels ee pewith increasingstrafiic 
volumes.» However, the correlation is again very poor — less 
Chan.0.01. 


In all cases, we observed that traffic volumes and the 
measured ambient concentrations of CO and NO. generally show 
afpositive correlation. ~However, from the limited data. that 
were compiled, the correlation résults are statistically of 
Little value. 


C.2 Wind Speed 


The effect of wind speed in open terrain and for simple 
emission source/receptor environments, has generally been accepted 
as-an inverse relationship. For all of the following correlation 
analyses, therefore, a power function of the following form is 
tested: 


where y is the dependent variable (such as CO levels), x is the 
independent variable (such as the wind speed), and a,b are 


regression-coefficients. 


Because wind speed was measured at both street level and at 
rooftop, we tested the sensitivity of the measured concentration 
as a function of the location of the wind speed monitor. The 
Tesulte,ror NO are Shown in Pie, cG.c. Contrary to dispersion 


theory (for simple open terrain as described above), we found a 
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positive correlation of observed NO vs. wind speed. The regres- 
sion coefficients are markedly different — depending on which wind 
site the regression analysis was based. In both instances, the 
correlation (as measured by r*) was poor — less than 0.2 for the 
ross Ulticesgrogi. data and less than.0.02 for the Arch St. wind 
data. 


Correlations between any two variables also appear to vary 
considerably from day-to-day and selected time periods during 
the day. Figure C.2 also shows the relationship between ambient 
CO at the Post Office site on 19 July 1978 and the observed wind 
speed at rooftop. For the 24-hr period beginning with the 00th 
hr on 19 July 1978, we obtained an inverse relationship (i.e., 
CO increases as wind speed decreases) with arigr® /ofs.0.138 
However, when the same regression was performed for the period 
07 to 19th hr in the same day (representing hours of higher 
- emission rates and attendant higher concentrations), a better 
correlation (with an r? of 0.55) was achieved. We performed the 
same tests for 18 July 1978 and found a completely different 
trend. We found a better correlation (r? equal to 0.34) for the 
2h-hr period than the 07 to 19th hr period (r? equal to 0.06). 


Figure C.3 shows the regression results for CO at Winter St. 
and at Arch St. when compared with wind speed measured at the 
Post Office roof. For the Winter St. results, the correlation 
is positive even though the correlation coefficient is low (r? 
about equal to 0.1), suggesting that the observed correlation 
may be meaningless. For the Arch St. results, the measured CO 
was observed to increase with decreasing wind speed, and a much 
better correlation coefficient (r* approximately equal to 0.54) 
was obtained. A similar correlation was performed for the ob- 


served NO, concentration at Arch St. and the wind speed measured 
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ao Gne Fosu, Oli ice roof. “Heretacain, as shown in Pig. C.3, an 
inverse relationship between these two variables was formed. 
The correlation, however, is poor — the r* is estimated at less 
than 0.1. 


In summary, we found that observed concentrations of CO 
and NO, Varyoin some. direct proportion to traffic volume that 
directly impacts on the monitor. However, for NO, the relation- 
ship is inverse, suggesting (1) that there are other factors (such 
as the chemistry of the NO, species) that may affect this rela- 
tionship between traffic volume and NO, or (2) that the observed 
relationship may be unique to that particular limited data set, 
or (3) that both these possibilities are true. Observed concen- 
trations of CO and NO, generally vary inversely with wind speed 
as a power function. However, because of localized channeling 
of wind and other changes to the wind field, correlation between 
observed concentrations and wind speeds at any combination of 
two sites may become totally inverted and/or be uncorrelated at 
all sites. Because of these observed limitations, no attempt 
was made to quantitatively adjust the measured air quality and 
noise data to make the observed data more comparable between the 


pre- and the post-construction stages. 
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APPENDIX D 


Performance Specifications for the 
Monitoring Equipment 


The Beckman Model 865 Infrared Analyzer 


INTRODUCTION 


The Model 865 Infrared Analyzer automatically and con- 
tinuously determines the concentration of a particular com- 
ponent of interest in a flowing mixture. The analysis is based 
on a differential measurement of the absorption of infrared 
energy. The instrument has a wide range of applications, 
subject only to the limitation that the analysis involve the 
determination of a single component, which must absorb 
infrared cnergy. 

The Model 865 [nfrared Analyzer is available in two 
versions: General-Purpose, Figure 1-1: and Explosion- 
Proof, Figure 1-2. These differ only in physical configura- 
tion: functionally, they are identical. 

Within the analyzer, two equal-energy infrared beams arc 
directed through two optical cells: a flowthrough sample 
cell and a sealed reference cell. Solid-state electronic cir- 
cuilry continuously measures the difference between the 
amounts of infrared energy absorbed in the two cells. This 
dilTerence is a measure of the concentration af the compo- 
nent of interest in the sample. Readout is on a front-panel 
meter with 0-to-100 scale. In addition, a ficld-selectable out- 
put for a potentiometric (voltage) recorder is provided as 
standard. A field-selectable output for a current-type re- 
corder or controller is obtainable through use of an optional 
plug-in circuit board. 

A calibration curve can be used to convert meter or re- 
corder readings into concentration values. Alternatively, the 
analyzer may utilize an optional plug-in lincarizer circuit 
hoard to equip a given operating range for fincar readout of 
concentration values on the meter and on a potentiometric 
recorder. 

For convenient routine upscale calibration. the analyzer 
may imeorporale an optional calibravion accessory. Depres- 
sion of a pushbutton inserts a reflecting window into the 
sample beam. The window reflects a fixed amount of infra- 
red energy out of the beam, to simulate a specific concen- 
tration of the measured component. , 

As an option. the analyzer may be equipped for remote 
selection of Range | or 3. 

The clectronic circuitry utilizes plug-in printed circuit 
boards with solid-state components, This feature provides 
the ultimate in reliability. facilitates servicing, and permits 
the inclusion of various options, such as current output. by 
addition of the appropriate boards. 


SPECIFICATIONS 


ACCURACY 
1% of full scale. 


SPAM DRIFT * 
+1% of fullscale in 24 hours. 


ZERO DRIFT* 
+19% of fullscale in 24 hours. 


AMBIENT TEMPERATURE RANGE 
30°F to 120°F (—1°C to 49°C). 


LINE VOLTAGE 
Vi5==)5ivoltsirms: 


LINE FREQUENGY 
50/60 +0.5 Hz. 


POWER CONSUMPTION 
400 watts. 


ELECTRONIC RESPONSE TIME 

(0 TO 90% OF FULLSCALE) 

Switch sclection of fast or slow response. 
FAST switch position provides 0.5-sccond response (op- 
tional I-second response obtainable by clipping jumpers), 
SLOW switch position provides 2.5-second response. 


OUTPUT 
Standard (Potentiometric) 
0 to 10. 0 to 100 millivolts, 0 to 1, 0 to 5 volts d.c. (field- 
seiectabie). 
Optional (Current) 
4 to 20 and 10 to SO milliamperes, d.c. (field-sciectable), 
or, Linearized (Potentiometric) 


0 to 10, 0 to 100 millivolts, 0 to 1, 0 to 5 voits dic. (field 
scicctable). 


CATALOG NUMBERS AND CASE ELECTRICAL 

CLASSIFICATIONS 

194501 General-Purpose Model 865 Infrared Analyzer: 
gcncral-purpose case; accessory air purge kit designed 
for ISA Type Z. 

194502 Explosion-Proof Model 865 Infrared Analyzer, 


designed to meet Class I, Group B/D, Division 1 requires 
ments. 


*Performance specifications based on ambient temperature 
shifts of less than 20 Fahrenheit degrees (11 Centrigrade 
degrees) at a maximum rate of 20 Fahrenheit degrees (11 
Centrigrade degrees) per hour. 


ee al 


The Beckman Automatic Zero/Span Standardization 
Accessory for Gas Analyzers 


FEATURES 


Built-in twenty-four hour timer capable of initiating 
both full calibration sequences and separate zero 
sequences at any desired times within the twenty-four 


hours periway in sadalLtion, 


calibration sequences can 


be initiated by an externally supplied logic signal 
or by manual command vis pushbutton. 


Auto zero standardization point may be offset from 
zero by adding a selected resistorito the®*zero- 


correction circuit. 


Out-of-range alarm lights warn operator when gas 


analyzer requires adjustment. 


The +15 volt power in the supply unit is capable of 
powering up to two other units, saving cost in systems 


applications. 


Status lights notify operator when calibration sequence 


Le OCCUrP INE: 


Built-in sample-and-hold amplifier will display last 
process value during calibration sequence for control 


applications. 
SPECIFICATIONS 


ZERO, SPAN RESOLUTION 
TO 5401 ftittetale . 


ZERO CORRECTION RANGE 
+15% of fullscale, minimum. 


SPAN CORRECTION RANGE 
+10% of fullscale, minimum. 


AMBIENT TEMPERATURE RANGE 
SO") to. DLO i. 


OUTPUTS 
LO mibiavoeits, 100 miilivolts, 
1 VOCS eS volts Potentiometric 
Standard, 4 to 20-milliamperes 
Isolated Current Optional. 


Lin 3 


NEST 
OTL, ,evOLCS LouLiscale, 
either polarity. 


SAMPLE-AND-HOLD DECAY RATE 
Less than 1% of fullscale 
per 20 minutes. 


LINE VOLTAGE 
100° to 130 voltscrms Ar60tHz 
200807200 volts ‘rms, 50)Hz. 


CALIBRATION SEQUENCE TIMES 
2.5, 5, or 40 minutes, 
selectable. 


The Monitor Labs Nitrogen Oxides Analyzer 
Model 8440E 


INTRODUCTION 


The Monitor Labs Nitrogen Oxides Analyzer Model 8440E is a gas phase 
chemiluminescence detection device which performs a continuous dry 
analysis of Nitric Oxide (NO), Nitrocen Dioxide (NO2), and NO,. Its 
operation is based on the chemiluminescence of an activated NO> species 
(NOo*)produced by the chemical reaction between ozone and NO (f). A 
photomultiplier tube (PMT) measures the chemiluminescent emission 
intensity level. 


The Model 8440E design constitutes an advancement in Nitrogen Oxides 
Analyzer technology. It is achieved primarily by a design concept 

of employing dual detectors or reaction cells (2): a separate cell 

for the NO and the NO, channels (3). A dual channel analyzer ensures 
that all readings produced by the analyzer are operating in real time 
domain. The Model 8440E employs a reaction cell/optical chopper 
desigred to obtain optical and electronic stability and ISOFLO pneumatics 
to control flow rate of the gas streams. These design features improve 
the sensitivity, accuracy, and stability of the analyzer. Figure 1-] 
shows the overall Nitrogen Oxide Analyzer Model 8440E schematic and 

Some Standard options. Sample and air enter and leave the reaction 
chamber through the pneumatic network. The chemiluminescent emission 
from the reaction cell is interrupted and transmitted alternately to 

a photomultiplier tube 35 times per second by an optical chopper. A 
phase sensitive amplifier processes the PMT signal which is subsequently 
converted to a voltage output for a recorder and DAS unit. 


A dual-module packaging concept is utilized. The Analyzer module 
contains the reaction cells and PMT assemblies, the ISOFLO flowrate 
control assembly, PMT power, signal processing electronics, the front 
panel readout display and DAS and recorder outputs. The Sample 
Conditioner module contains the preliminary pneumatic network consisting 
of a sample filter, sample and ozone rotameters, a catalytic converter, 
ozone generator assembly, an ozone scrubber, a reaction cell vacuum 
regulator, and vacuum pump. Also available are the optional zero/span 
Valves and timer. Separation of the 8440E into two modules is of great 
advantage for obtaining stable, reliable performance and ease of service 
and maintenance. 


+>} A.Fontijn, A.J. Sabadell, and F.J. Ronco, Anal. Chem., 42, 575 (1970) 

2) U.S. Patent No. 3, 967, 933. me 

(3) A.L. Budd, A Oual Channel Approach to Chemiluminescent Analysis of 
and NO, 20th National Instrument Society of America Analysis 

Ingtrumentation Symposium, Pittsburgh, PA., 1974. 
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Span Instability 


Lag Time 


Repeatability? 


Operating 
Temperature 


Detection Limit 


Measuring 


Less than 0.1% fuil scale’ yr.. =3°C 
from Cai. Temp.. maximum temper- 
ature coefficient 0.025%/ °C 

Less than =1%/day or =2%/14 
days trom ail sources, =5°C from 
Cal. Temp 

Maximum temperature coefticient of 
span 0.2%/°C 

Lesstnan 5 sec. from step change at 
input 


= 1% NO and NO, and +1.4% NO, 
output 


10°C to 40°C 


2ppb for NO, NO, NO,, on re- 
sponse time setting 4 


Select one set. 


Ranges —“(A) 0.2, 0.5, 1.0, 2.0, 5.0 ppm FS. 


Response Time 


Signal Outputs 


Rear Panel 


(B)0.1,0.5, 1.0.5.0, 10.0 ppm F.S. 
(C) 0.05, 0.1, 0.5, 1.0, 5.0 ppm F.S. 


Four settings, switcn-selectable 
Percent of final answer 


Setting 64% 90% 99% 
1 1 sec. 2.3 sec. 4.6 sec. 
2 Ssec. 12sec. 23 sec. 
3 20sec. 46sec. 92 sec. 
4 Tmin. 2.3 min. 4.6 min. 


Two separately buffered analog sig- 
Nal Outputs for each channel, NO, 
NO,, NO., plus an unbduttered tront 
panel analog signal test output 
which 1s switched to output the sig- 
nai of the channel being indicated 
by the front panei meter. 


Barner strip (=6 spade-lugs re- 
quired) 


Front Panel 
Status Output 
Sample 


Ozone 


Suppor Gas 
Required 


Sample Line 
Power 


Weight 


Dimensions 
(H x W xD) 


Standard 0-100MV, output impoed- 
ance 1002: Optional (SO) 0-10MV. 
Q-1V, 0-5V, 0-10V 


Standard 0-1V. output impedance 
2.5KQ: Optional (SO) 0-10MV 
0-100MV., 0-5V, 0-10V 


Binding Posts 
0-1V only, Impedance 1KQ 


Range. Time Constant, Function, 
Warning. Power Failure 


Less than S00cc/min. eacn channel 
nominal 


80cc, min. eacn channei nominal 
Ambient Air 


Stainless stee! and Teflon 
105-125 VAC. 50-60 Hz @ 400 VA 


Optionai, 100 VAC, 230 VAC 

32 kg (70 Ibs.) 

2 modules, each 22.2 cm x 44.1 cm 
x 44.1 om, 8%" x17" x 17" 


May be stacked, set side-by-side or 
rack mounted 


*Limit of plant test equioment. Theoretical repeatability 


less than 0.1%. 
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ORDERING INFORMATION 


Basic Modeis 

All models inciude Tetion titer NO NO Ozone tiow m 
fers and one instruction Manual Soecity measuring ran 
set and converter 

84408 Bencn Mountea 

8440R. Rack Mounied with slides 


Options 


SR 
DA 
CM 
CS 
Je) 


SP 
SA 
PE 


Pa 


AV 
EK 


Standard Ranges specity set A 8 or C 

NO DOitterence Amplitier 

Molyodenum Converter 

Stainiess Steel Converter 

Standard output levels. specify i! other tnan 100 mv 
and |\V desired 

Phosphoric Acia Scruobder 

Phospnoric Acid Scrubber Retilis one dozen 
Power European 230 VAC 50 +2 (external 
transtormer) 

Power Japan 100 VAC 50 H2 ‘external Iranstormers 
One Hour Averager external module anc 6 foot cab 
Expendabies Kit Includes supply of pump 
ciapnragms. ozone scrubber. iamos. fuses and !ad 
gas Grier retill material 

Field Installation. Continental U.S 

Instruction Manual 

TTL compatiole or contact closure status 

output 


Soecitications ana options sudject 0 change 
without nonce 


The Monitor Labs PERMACAL Dynamic Calibrator 


The Monitor Labs PERMACAL Dynamic Calibration System, Model 8500, is 
designed to provide precise concentrations of various common pollutants 
in otherwise purified air. The system can operate from its own internal 
air pump and filtering system or from external air, or other gas source. 
Permeation devices and/or chemical generators operating in a temperature 
controlled environment are used to provide precise amounts of pollutant 
compounds, which are diluted by flow controlled purified air in order to 
provide precise concentrations of pollutant compounds for calibrating 

a wide variety of air quality monitoring and measuring devices. The Model 
8500 is specifically designd for producing concentrations suitable for 
ambient air quality monitoring instruments. 


SPECIFICATIONS 
Output 
P/N Nominal Rate PPM @ 12/M dilution 
SO, A 850C0185 300 ng/min 0.1 
B 850C0186 100 ng/min 0.03 
NO, A 850C0187 700 ng/min 0.7 
vig. 850C0188 200 ng/min 0.2 
HS 850C0189 200 ng/min* 0.15 
0, A 850C0167 8.0 ** 
B 850C0167 3.0 
NO 850C0221 ola 2.0 


* requires nitrogen dilution for this channel only. 
** highest output range 4 
*** assumes gas to be diluted is 200 ppm NO in prepurified nitrogen 


(provided by user) and minimum dilution (higher concentration 
available by using higher concentration NO). 
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Calibration accuracy - +5% relative: 


Calibration Method: 


NO» - Chemiluminescent by comparison to gas phase titration (G.P.T.) 
SO2 - Electrochemical by comparison to NBS standard reference material. 


Ho-S- Oxidation to SO9 and electrochemical comparison to NBS 
standard reference material. 


O03  - Chemiluminescent by comparison to neutral buffered 


potassium iodide. 


NO - Chemiluminescent by comparison to gas phase titration flow 


by mass flowmeter. 


Dilution air source - 


Zero Air Flow Capacity (total) 


Dilution Flow Measurement 


Dilution flow range 
Dilution flow accuracy 


Flow Meter Calibration 


Temperature Control 
Temperature readout 
Factory set temperature 
Ambient temperature range 
Power 


8500R 


8500 


Ambient air filtered thru 

Ozone Generator, Reaction Volume 
and activated charcoal. Filters 
are 1" dia. by 4" long. 

92/min 

Ball flotation flow meter with 150 mm 
Graduated scale and needle valve to 
adjust flow. One flow meter per 
channel. 

500 cc/min to 4000 cc/min 

+5% at N.T.P. (See Section 4) 


at N.T.P. vs. mass flow meter 
(Curve provided) 


+0.1°C or better 

Optional etched stem thermometer 
50°C 

PD RbELO scome 

115 VAC,50/60 Hz, 300VA 


ISA 4S -secm)Oxea Os) 4) t(274ceCM) Hae 
(35.6 cm) deep. 


8-1/2"(11.0cn) WX 10" (25.4 cm) HX 14" 
(35.6 cm) deep. 


Dot 


NO DILUTION OPTION 


NO flow control method Adjustable pressure against a 
fixed restrictor. 

Regulator Single stage, stainless steel 
0-30 psig 

Gauge Helicoid 0-30 psi 

Gauge accuracy t2% 

Gauge repeatability ms Olay 

Flow range 0.4 cc/min to 10 cc/min nominal 

Restrictor Stainless steel capillary 

Dilution range 10,0002} tom50e) 
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Specifications for the Energetics Science Ecolyzer 


DimeNslOns...ccesenccerescsevecceses 


Wel ght oon se 0 swe cles 556 5.0 ieee wee ne asc ee 
SENSOL. cc cece cccccccsrccvecccsccccccs 
Rise Pe ee acer ee 
ANALVELCALAR@DIOGUC LDL LIL EY wctetous jw oietein 


Zero DoLit erat. crsla tetas eheloucretotelers aidiesa ete 


Span TTL ES oe sue vaca dete ce atakess odekacsieerekercic ctars 


NOES @rwesteve ie tapayelcnede bdo atedekeneus, aie ataretage + cond 


ELUCAL Cuvee et ass) os sss wiaeG Matas bas iss 


Minimum Detectable Sensitivity...... 


Samp Leng. Rate |< stesso 0,4.0.0.0 90 
Ambient Temperature Range... 
Temperature Compensation.... 
Relative Humidity Range..... 


YE Velo Ce) PE RADIO IL oe 


PU O CET ONT CS stele lclarerele sles tetate siete 


SAO T ate OM eteresicteetsiebe crstetcrerere 


SANSOL MT Dil Gel sicclstaieiers calete iets ie's 


POWOCmropats nies e cote e-c.e laleinie aictere clove 


Interference Equivalent....... 
(Sct AVgetelelaterelatslete te 10,000 pom 


NH3--2-- eee eeees 1,000 
S09 sew ccecnccce 500 
i 48 
SEE Up Meee: 30 


D-9 


Ld wh tans aoa iey Gaye 

De Losi. 

Electrochemical 

25) sec. 

+1% of Full Scale 

0.5% of Full Scale in 24 hrs. 
1% of Full Scale in 24 hrs. 
#90.2% of Full Scale 

+1% of Full Scale 

lL ppm 

700 ec/min. 

OSr ta 40%C 132° to 1d42F) 

Built in thermistor compensation. 
5% to 95% RH 

Panel Meter 0-100 pom co, 100 
divisons full scale, mirrored * 


Recorder output O-l1V (Recorder 
Optional) 


All solid state on printed circuit 
boards. 


Once a day with known standard of CO. 


Four (4) months in use. 


Electronics Four (4) (NicadeCircelts 
Pump: One (1) Nicad "D" cell. 
y recharged 


NO>. eosceee ees eeen uk 
SHA a \picsus bo a wale aes 
NO. c- eee eevee eeaeee le 
C2H4 eoeeseeteoe 01 @e#ee ee 0 
C5H2. eeoeeeeeereee 0 


The MRI Mechanical Weather Station Model 1071] 


The Mechanical Weather Station is a self-contained complete system, 
compact in overall size and weight with the ability to sense and simulta- 
neously record up to five important climatological parameters. The 
functional objectives of the Station are: easy transportation to ali locations 
uncomplicated field installations, prolonged periods of operation without 
tne peation Or attendance of any kind; no outside power sources required; 
and operational capability over the widest possible ranges which might be 


encountered in basic research by a data gathering system. 


The rugged utility of the MWS is matched by the high sensitivity of each 
separate function. Reliability and accuracy of the Wind Direction, Speed, 
Air Temperature, and Rainfall Systems measure +2%. Good resolution of 
recorded data -- black marking on white moisture-resistant chart paper 
facilitates interpretation. Reasonable initial and negligible operating costs 


make the MWS a practical instrument for a variety of studies. 


Wind Direction 


Damped 33-1/2"' 
aluminum vane 


Wind Run (Speed) 


Fast response 
aluminum cups 


Temperature 


Shielded Gerietat 
coil sensor 


Rainfall (Optional) 


Low Inertia 
Tipping Bucket 


SPECIFICATIONS 


Delay Distance = 8 feet (50% recovery) 
Damping Ratio = 0.5 to 0.6 

Starting Threshold = less than 0.75 mph 
Overall Accuracy = £1% full scale 


Flow Coefficient = 7.90 feet/rev 

Flow per recording traverse = 10 miles 
Response Distance = 18 feet (63% recovery) 
Starting Threshold = Less than 0.75 mph 
Overall Accuracy = +2% 


Range L= -90°F to +60°F 

Range H = -30°F to +120°F 

Note: Range LorH selectable by 
field adjustment 

Absolute Accuracy = +3°F 

Relative Accuracy = +1°F 


fmeourl.D.icollector, 124) p17b 
AcCcUracwi: ez lWrates Uperence 
ie2% atis' per hrs 
-10% at 10" per hr 
Resolution = 0.01'' per recording step 
7.95 cc water = one tip 


Relative Humidity (Optional) 


Range 0% to 100% R.H. 
Accuracy +3% 


Batteries 
Temp. above +20°F 


Four ''D" size flashlight batteries - 
approximate life of 65 days 


Four Eveready E-95 run for 4 months 


Temp. at -20°F Four Eveready E-95 run for 3 months 


Temp at -40°F Four Eveready E-95 run for 2 months 


The BBN Model 614 Noise Monitor 


The BBN Model! 614 Portable Noise 
Monitor is a sound level meter that 
measures, Calculates and prints out 
A-weighted sound pressure levels 
with slow dynamic response (as 
defined in ANSI S1.4- 1971). It prints 
out HNL, Lgn, CNEL and relevant 
time information. Standard options 
are available for processing of single 
event information with print out 
capabilities for SEL, Leg, MNL, 
time or other parameters required 
by Federal, State or Local 
requirements. 


The Model 614 automatically prints 
out the HNL or Leqonce every hour 
and the CNEL and Lap, every 24 
hours. At any time, the operator can 
command a printout of the current 
sound level orcurrent SEL or aver- 


age level of HNL, CNEL or Lan, with- 


Out interruption of the on-going 
computing process. 

Special analysis mode includes 
sound exposure level or average 
level of Single Events, such as a 
flyover. It provides a printed three 
line summary which includes the 


| 
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start time, stop time, threshold, 
calculated noise level and maximum 
noise level of the single event. 

The special analysis modes also 
include automatic noise sampling 
and SEL or Leq calculation at 
discrete time interals of 10 sec., 1, 
10 min., and 1, 10, 24 hours. 


MODEL 614 SPECIFICATIONS 


_ 
Stale wy ae: 


oo ee ee C.Stes 


Recommended Source 
Impedance: 


Voltage Range: 
Gain Adjustment Range: 


Power Availabie to External 
Microphone Preamplifiers: 


Microphones: 


Input Connector. 


Frequency Response: 

Dynamic Response ot Detector. 
Electrical Noise Fioor. 

Clipping Level: 

Detector Type: 


Ws 10 LS 
Range: 
Resolution: 


Sampiing Period: 


{) 


/( =Ine 
Easbabea 


Source: 
Accuracy: 


i .icrocompucer 
Type: 

Program Memory: 
Data Memory: 
Control: 


Printer 

Type: 

Number of Columns: 
Number of Characters: 


Paper. 


Ribbon: 


Power System 
Input Voltage: 
Peak Current: 
Average Current: 


121 K ohms in parallel with 1500 pF 


4K onms or less 
-100 dBV to +10 dBV 


Internal adjustment for microphone/ 
preamp sensitivities of -36 to -44 

dB re 1V/N/M?2. 

Optional front panel control for 
extended range of -15 to -45 dB re 
1V/N/M?. ‘ 


+10 Vdc to 10mA 
+17 Vde at 1S5mMA(Current limited) 


BBN Mode! 368 with preamp. 
(Max. SPL over 130 dB and drive 
for a 100 ft. cable). 


GR preamp with compatible GR 
and B&K microphones. 


Bendix Pygmy PT series with 10-6S 
insert. (Adapters available for other 
microphones such as GR and B&K.) 


A-weighted per ANS] S1.4-1971 
Slow per ANS! S1.4 - 1971 
-100 dBV. 

+10dBV re input. 

True RMS 


10 to 150 dB 
0.2 dB 
0.5 sec 


Quartz-crystal oscillator 
+10 sec per day 


Inte! 4040 
up to 3584 words (PROM) 
up to 8192 bits (RAM) 


via 16 key keyboard on pane! pius 
separate “Enter” key. 


Orum impact 
24 


16 (nNuMeric and punctuation except 
for rightmost 2 columns which 
nave letters and symbois) 


3% inch wide adding machine roll 
paper. Part no. 50050 

Two color, red and black. 

Part no. 50051 


16 to 21 Vde 
25A 
80 MA (not printing) 


|}? 


Power Connectors: 
Battery Pack: 


2 ea Switchcraft D4M 


BBN 800 recommended (two w 
fit in 614 case) or externai 18V 
battery. 

Expanded scale (15.6 to 20.6V) 
meter on front panel. 

3A fuse in 614, 10A fuse in 800 
battery pack. 

Reverse polarity protection diox 
All requiated supplies are curre 
limited. 

Automatic, prevents acquisitior 
inaccurate data and prevents o 
discharge of battery. 

The two power connectors are 
wired so that a power pack plug 
into one connector can be char 
via the other connector. 

7 days minimum with two batte 
packs. (Continuous operation.) 


Battery Meter. 


Protection: 


Low Voitage Shutdown: 


Floating Charging: 


Life: 


Standard Package: 
Special Analysis 
Package 1: Inciudes Sound Exposure Level or Leg of single eve 
such as flyovers. The printed three line summary includes the 
start time, stop time, threshold, calculated noise level and maxin 
noise level of the single event. 

The analysis modes aiso include automatic noise sampling and. 
or Leq Caiculation at discrete time intervals of 10 sec.; 1 or 10 mi 
1,10 of 24 hrs. 


Other Special Analysis Packages Available. 


Any of the above functions may be monitored at any time with 
interruption of the calculations. 


HNL (Leg 1 hr.), Lgn, CNEL or Leg 24 


Options 

Option 02 Statistical Analysis Package 

Automatic L% calculation and printout of six levels such as: L ms 
Ly. Lio, bso, Loo, bog. Other percentile levels available on spe 
order. 


16-143 dB 
1 dB 


L% exceedance levels and Leq 
for the analysis period selected 
Period is keyboard selectable 
for time intervals of 10 sec.; 1 o 
10 min.; 1, 10 or 24 hrs. At end! 
period results are automatically 
printed, including time, anda 
new analysis is begun. 


Dynamic Range: 
Resolution: 
Printout: 


Analysis Period: 


Mechanical 
Dimensions: 16 x 16 x 10 inches (width x height x dep! 
Net Weight: 18 Ibs without Battery Pack. 

32 Ibs with one BBN 800 Battery Pack. 
Case: Weather resistant. Anodized aluminum wi 


handle and key lock. 


Operating Temp: - 10° C to + 50° C. 


APPENDIX E 


Examples of Continuous Strip Chart Records 
of the Various Parameters 
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Measured Carbon Monoxide Levels at the Post Office Site 


(1978). 


using the NDIR Instrument 
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Gould Inc., Instrument Systé 


Cleveland, Ohio 
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Strip Chart Record of Nitrogen Dioxide (N02) and Nitric Oxide (NO) 


Levels Measured at Arch Street 
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Sound Level Data Taken at the Post Office Site using a 
BBN Model 614 Noise Monitor (1978). 
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Sound Level Data Taken at the Arch St. Site using a BBN 614 
Model Noise Monitor (1978). 
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Sound Level Data Taken at the Arch Street Site Using a 
BBN Model 614 Noise Monitor (1980). 
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Sound Level Data Taken at the Winter St. Site using a 
BBN Model 614 Noise Monitor (1978). 
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